We desire a metric with which to evaluate the "goodness" of various image compression schemes in recreating an original Synthetic Aperture Radar image. Herein we propose a "coherence" measure that results in a single quality number for such an evaluation.
INTRODUCTION
The voluminous data generated by modern Intelligence, Surveillance, and Reconnaissance (ISR) systems often requires some degree of data reduction or compression prior to transmission to the user analyst community. This is no more evident than for Synthetic Aperture Radar (SAR) images that may easily generate multiple millions of pixels per individual image, each often complex; comprised of both magnitude and phase data. This becomes problematic for Remotely Piloted Aircraft (RPA) systems, often with limited satellite communication bandwidth. The obvious answer is data compression, often lossy. Consequently, an objective measure is required to evaluate data compression impact on SAR image fidelity. Herein we propose an evaluation metric for image fidelity after compression and re-expansion, collectively often described as "companding."
DISCUSSION
Image compression in magnitude images is a well-studied problem. Various metrics for measuring quality have been proposed (see Mrak   1 for example). These metrics are limited in their ability to evaluate image quality for complex imagery, such as in SAR.
Consider a complex image, or image segment, which we define as X = reference 'perfect' complex image.
Now consider the result of having first compressed and then expanded this image. Essentially, we have applied a function to the image as
The question is now "How similar is Y to X?" Since the images are complex, the similarity measure must account for phase differences as well as amplitude, or magnitude differences. We will assume that the phase differences are generally small; less than 2 We assert, and will proceed with the precept that a proper source for a measure is a Normalized Mean-Squared-Error (NMSE); normalized to a measure of the energies in the respective images. This will ultimately lead to a coherence measure.
Coherence measures have previously been proposed by Ives, et al., 2 but we offer a subtle but important modification to their technique.
Taking some liberty with notation, we offer that
Generally, the presumption of equality of   * E XX and   * E YY for the first term of Eq. (4) will not be precisely true, but does get more true as the difference between X and Y becomes smaller. However, it is "true enough" for us to continue to develop our goodness measure. We now define our Figure Re ,
This FOM is also known as the Pearson correlation coefficient. We note that NMSE is minimized when this figure of merit is maximized, noting it takes on values limited to the range 
This metric can be thought of as an extension of the Normalized Cross-Correlation from Mrak to complex images.
We assert that for small random zero-mean phase differences these are essentially the same. A principal difference between Eq. (6) and Eq. (7) is that the conventional measure is insensitive to a phase bias, whereas our proposed figure of merit accounts for this. Coherence measures are generally very sensitive to differences between the images being compared, intentional or otherwise. 3 Since we are interested in this paper about errors in reconstituting an image, we have presumed that any encountered phase biases are significant. Consequently, we opt for the measure in Eq. (6). Should phase biases be deemed inconsequential, then the metric of Eq. (7) might be considered.
The question now is "How exactly does one calculate the Expected value?" This is a somewhat more complicated question than what might at first be evident. We answer with the following comments.
 If we wish a single FOM for a particular companding scheme, then the expectation (average) must be over all possible regions of the universe of SAR images.
 Backing off from this a little, we might limit ourselves to "interesting" regions of representative SAR images for our purposes.
 Backing off a little further, we might be interested in how the FOM varies within a particular image, noting that some features or regions of an image are more important to us than others.
 If we back off all the way to a collection of small regional measures insensitive to constant phase biases, then we are essentially at conventional Coherent Change Detection (CCD) processing, used to detect changes between otherwise very similar SAR images. 4 Ignoring the CCD processing, we offer the FOM measure for a particular companding scheme as Parameters M and N are defined by regions of interest in the image, which may be merely a portion of an image, or the entire image. Parameters M and N might be the same, but need not necessarily be so.
We assert without further discussion that especially for homogeneous clutter, averaging multiple   , m X Y over independent regions will trend towards the same answer as a single measure over the combined regions. This includes the case where the multiple independent regions are in separate SAR images. The averaging might be linear or weighted.
In the event that the image pixels are not complex, but rather real-valued and positive, then we may presume that the phase of each pixel is simply zero and use the same metrics.
BRIEF NOTE ON PERFORMANCE
The performance of the compression as assessed by the FOM may be better understood by radar engineers in terms of equivalent signal-to-noise ratio (SNR) loss, or clutter-to-noise-ratio (CNR) for uniform clutter for a given SNR or CNR value. 3 The figure below illustrates the performance. 
ASSESSING COMPANDING ALGORITHMS
We offer that the following procedure should be used to properly evaluate companding schemes.
1. A representative SAR image set needs to be selected for testing.
2. Regions of interest need to be selected from the representative SAR images. These might be the entire image, or just portions thereof. The original images should be high-fidelity un-companded images representing "ideal" rendering.
3. The FOM of Eq. (8) needs to be calculated for each image, and then suitably averaged across the image set.
We offer as example several anecdotal SAR images, where companding was used to reconstruct the original image from a compressed version thereof, and the result assessed using Eq. (8) over varying regions. We also note the obvious relationship between companding and encoding.
5 Example 1 Figure 2 shows a Ka-band SAR image of a rural scene. The original image was encoded in 16 bits of linear magnitude, and 16 bits of phase. Also depicted are histograms of magnitude and phase. Figure 3 shows a reconstructed image from having been compressed to 8 bits of magnitude and 8 bits of phase, where the magnitude compression was effected by a square-root operation, and the phase was simply more coarsely quantized to 8 bits. Also shown is a local coherence map where regional coherence was calculated over a 9-by-9-pixel box. The overall coherence measure for the entire image is 0.99863. Figure 4 shows a reconstructed image from having been compressed to 4 bits of magnitude and 4 bits of phase, where the magnitude compression was effected by a fourth-root operation, and the phase was simply more coarsely quantized to 4 bits. Also shown is a local coherence map where regional coherence was calculated over a 9-by-9-pixel box. The overall coherence measure for the entire image is 0.9312. Figure 5 shows a Ka-band SAR image of an urban scene. The original image was encoded in 16 bits of linear magnitude, and 16 bits of phase. Also depicted are histograms of magnitude and phase. Figure 6 shows a reconstructed image from having been compressed to 8 bits of magnitude and 8 bits of phase, where the magnitude compression was effected by a square-root operation, and the phase was simply more coarsely quantized to 8 bits. Also shown is a local coherence map where regional coherence was calculated over a 9-by-9-pixel box. The overall coherence measure for the entire image is 0.99933. Figure 7 shows a reconstructed image from having been compressed to 4 bits of magnitude and 4 bits of phase, where the magnitude compression was effected by a fourth-root operation, and the phase was simply more coarsely quantized to 4 bits. Also shown is a local coherence map where regional coherence was calculated over a 9-by-9-pixel box. The overall coherence measure for the entire image is 0.94859.
Example 2

SUMMARY & CONCLUSIONS
We offer several summary comments.
 An objective measure to compare the goodness of image reconstruction after companding is a coherence measure.
 Coherence may be measured regionally in an image, or over the entire image. It may also be measured across multiple images.
 Some regions within an image exhibit different coherence measures after companding than others.
 We opine that unless circumstances dictate otherwise, a "good" companding scheme should allow coherence of 0.99 or better for regions of interest in a SAR image. This will facilitate acceptable performance for many interferometric techniques and applications. 
